Vertical distributions of adult walleye pollock Theragra chalcogramma and oceanographic conditions were examined in the northern Japan Sea. In the daytime, most walleye pollock were distributed from 150 to 250 m depth in April and from 400 to 500 m depth in October. Between 150 and 500 m depth, temperatures in October (0.4-8.8°C) were similar to those in April (0.5-5.4°C), salinity levels were fairly uniform in both months (34.0-34.2 PSU), and dissolved oxygen concentrations were 4.6-6.1 mil I in April and 4.7-6.4 mil I in October. The main foods of walleye pollock in April were the amphipod Themisto japonica, the euphausiid Thysanoessa longipes, and the chaetognath Sagitta elegans. Daytime weighted mean depths of T. longipes were significantly greater in October than in April. Biomass of T. longipes in the habitat of walleye pollock was significantly greater than other layers in both months. The seasonal change in vertical distribution of walleye pollock is presumably related to food availability of T. longipes.
Check represented data were used for each analysis.
recorded on the echogram, an otter trawl net was towed in the center of the main scattering zone for 1 or 2 hours at 3-3.5 knots. All fishes were identified and counted on board, and walleye pollock were frozen immediately. Zooplankton collections were made with MTD closing nets 7 ) (56 cm mouth diameter, 0.33 mm mesh) during daynight series and a non-closing beam trawl net 8 ) (2.0 x 2.5 m mouth, 13 mm mesh, and 0.508 mm cod-end mesh) during the day. MTD nets were towed horizontally for 15-60 minutes at approximately 2 knots in 6-10 different strata. The volume of water filtered was measured with a flowmeter mounted on each MTD net ring, and tow depths were estimated from the wire length and angle. The beam trawl net was towed horizontally for 20 or 30 minutes at approximately 3 knots in the same strata that samplings for walleye pollock were conducted with an otter trawl net. The depth of tow was observed with a Kaijyo Net Monitor. At each sampling station, towing of MTD nets and beam trawl net were not replicated. Samples were fixed in 5% buffered formalin/ seawater solution. Zooplankton sampling procedures are summarized in Table 1 . Temperature, salinity, and dissolved oxygen were measured with a Neil Brown CTD-system. In addition, adult walleye pollock collected with an otter trawl net in the 410-440 m depth by Hokkaido Fisheries Experimental Station on a cruise in August were used for stomach contents analysis (Sta. 6, Fig. 1 ).
Laboratory Measurements
For analysis of stomach contents, 214 adult walleye pollock stomachs (20-30 stomachs from each station, Table  1) were examined under a microscope. Stomach contents were sorted to the lowest possible taxonomic level, counted, and weighed to the nearest 1 mg. Frequency of occurrence (F%) and percent by wet weight (W%) were calculated, and F% and W% were weighted by relative abundance (number of individuals/hour) at each sampling station on each cruise. The fork length of analyzed fish was 396.7 ± 38.3 mm (mean ± SD). To evaluate feeding intensity, SCI (stomach contents wet weight/fish body wet weight x 100) of each walleye pollock was calculated for station 4 where the highest relative abundance was observed on each cruise. Fish body wet weight contained the stomach contents wet weight. Chesson's feeding selectivity index (lXi)9) was calculated as lXi=(rJ Pi)/ I(rJ Pi), where ri is proportion by number of prey type i in the diet and Pi is proportion by number in the environment. Calculation of Pi for zooplankton prey was based on beam trawl net samples. Nine prey categories were used to estimate feeding selectivity. Accordingly, the selectivity index value of neutral selection is 1/9=0.11. The body size (T. japonica in BL: from the head to the end of the uropod; T. /ongipes in TL: from the rostrum to the end of the telson; S. e/egans in BL: from the head to the end of the tail) of broken food items was estimated by regression equations that converted the size of several parts of each species into the body size ( Table 2) . Body size and several body parts of subsampIes of the three species were measured to the nearest 0.1 and 0.05 mm, respectively. The three zooplankton prey collected with MTD nets (T. japonica, T. /ongipes, S. e/egans) were sorted and counted. Body sizes of three zooplankton prey were measured to the nearest 5 mm. Individual wet weight of three zooplankton prey in April (150-250 m depth) and October (400-500 m depth) was measured to the nearest 1 mg. The biomass of three zooplankton prey were expressed as wet weight (g). 1,000 m-3 • The weighted mean depth (WMD )10,11) of the three zooplankton species was calculated as WMD=In;dJ In;, where n; is the abundance (individuals· 1,000 m-3 ) at depth d; (m).
Statistical Analyses oj Zooplankton Prey Data
Differences in the vertical distributions of zooplankton prey between daytime and nighttime were tested by paired t-tests to determine if diel vertical migration (DVM) occurred. Differences in the daytime WMD between April and October were tested by the Mann-Whitney U-test. To compare biomass between 150-250 and 400-500 m depth, data were subjected to paired t-tests. Wet body weight per individual of zooplankton prey and SCI data of walleye pollock were analyzed by a one-way ANOV A. If mean wet body weight and SCI were significantly different, Schem~' s multiple comparison was conducted. SCI data of walleye pollock and wet weight data of zooplankton collected with MTD nets were log x-transformed to obtain uniform variances. In an statistical analyses, significant differences were established at P<0.05.
Results

Abiotic Environment
In the 0-200 m layer, temperature, salinity, and dissolved oxygen levels in April were considerably different from those in October ( 
Vertical Distribution oj Walleye Pollock
Most acoustical targets were identified as walleye pollock, which comprised more than 99.6% of the fish collected with the midwater trawl at depths where strong acoustical images occurred. Other species collected included arabesque greenling Pleurogrammus azonus, smooth lumpsucker Aptocyclus ventricosus, and masu salmon Oncorhynchus masou masou. In the day, walleye pollock was chiefly distributed between 150 and 250 m depth in April, and between 400 and 500 m depth in October (Fig. 3) . Mean towing depths (±SD) of midwater trawl net were 203 ± 14 m in April and 430 ± 14 m in October. Day-night vertical distribution patterns of walleye pollock in April were slightly different from those in October. At night, the acoustic scattering layers diffused both upward and downward in April, while those in October diffused only upward. However, the depth range of the main strong scattering zone was nearly the same both day and night. These results are similar to those of previous studies. 1 were abundant in the top 10, 80, awl JO respectively, in and in the top m depth layer in October.
Biomass and Individual Body Weight
Zooplankton jar Walleye Pollock Although mean biomass weight· 1,000 m -3) longipes were significantly greater in the 150-250 m layer than the 400-500 m layer in April (P= Table 5 ), no difference occurred between the layers for T. japonica or S. elegans (P=O. i2 and 0.091, respectively). In October, the biomass of T, longipes was significantly greater in the 400-500 m layer the 150-250 m layer (P=O.031). No difference in biomass occurred between the layers for T. or S. elegans (P=0.47 and 0.18, respectively). Mean wet weight per individual of the three zooplankton prey in the habitat of walleye pollock were significantly different in both months < 0.0001, Table 6 .... 
Discussions
Previous studies have shown that walleye pollock feed from morning to evening in the North Pacific off Hokkaido,12) continuously through the day and most actively at about sunset in the central Bering Sea,13) and actively during the daytime in the eastern Bering Sea. *2 T. japonica and T. longipes showed DVM behavior in October (Fig. 6) , while DVM behavior of walleye pollock was restricted to a small portion of schools (vertical migration distance: 50-200 m, Fig. 3 ) in both months. Both the presence 14 ) and absence 15 ,16) of DVM behavior for adult walleye pollock have been reported. DVM behavior of juvenile walleye pollock is well_known. 15 ,17-19) Bailey15) suggested that DVM of age-O pollock is related to food availability. If walleye pollock feed on zooplankton during the night, most of the pollock are expected to migrate upward during the night. Such vertical migration, however, was not recognized during continuous echogram observations. Thus, walleye pollock that remain in the same depth layer during the day and night presumably are visual predators during the daytime.
Walleye pollock were distributed deeper in October than in April (Fig. 3) . Fish migration might be affected by various oceanographic conditions. Uda 20 ) reported that suitable ambient temperatures of walleye pollock range from 1 to 8°C. Other reports have shown that ambient temperature of walleye pollock in different study areas are 2.0-4.0°C,21) about 2.0-3.0°C,22) 1. 4-2.4°C,23) and 0.0-1.0 °C. 24 ) In this study, temperatures between 150 and 500 m depth (0.5-8.8°C) should be suitable for walleye pollock in October (Fig. 2) . In addition, temperatures between 150 and 250 m depth in October are similar to those in April. Salinities below 150 m were fairly uniform in both months. There are few data regarding preferred dissolved oxygen levels for walleye pollock. Okada l4 ) and Yoshida 25 ) described that dissolved oxygen concentrations in walleye pollock habitats were 1.0-3.0 and 6.0 mil I, respectively.
Furuta and Kimura 2 6) suggested that dissolved oxygen concentrations from 2.1 to 2.8 mil I is the lower limit where fish can survive. Dissolved oxygen concentrations between 150 and 500 m depth in October (4.7-6.4 mil I) are greater than this threshold level, and dissolved oxygen levels between 150 and 250 m depth in October are similar to those in April. These suggest that walleye pollock neither avoid unsuitable temperature, salinity, and dissolved oxygen lev- els nor follow the isoclines of these oceanographic conditions.
On the other hand, the spawning period of walleye pollock is between December and March.
2 ) The results of comparison of SCI indicated that feeding intensity of walleye pollock in April was greater than in October (Fig. 4) . This is the same result as the previous investigation. 6 ) Walleye pollock may feed actively to recover their body condition in April (after spawning), and feed inactively in October (before spawning). To clarify the correspondence of vertical distribution between walleye pollock and their prey, the kind and vertical distribution of the main prey in April should be investigated. In April 1995-96, T. japonica, T. longipes, T. inermis, N. cristatus, and chaetognaths were important foods ( Daytime WMD between April and October and biomass between 150-250 m and 400-500 m depth in both months of T. japonica were not significantly different (Fig. 6 , Table 5 ). Biomass of S. elegans was not significantly different in both months, whereas daytime WMD in October was significantly greater than those in April. In contrast, the daytime WMD of T. longipes in October was significantly greater than those in April. Biomass of T. longipes between 150-250 m depth was significantly greater than those between 400-500 m depth in April, and it was the other way round in October. These results indicated that the abundant layer of this species was deeper in October than in April. Vinogradov 27 ) described that the most abundant layer (modal depth of vertical distribution) of T. longipes is in the 200-500 m layer during the day in the northern Japan Sea in June. In our study, the most abundant layer of this species during the day ranged from 130 to 300 m depth in April and from 300 to 600 m depth in October (Fig. 6) . T. longipes may gradually move to deeper layers from spring to autumn. The seasonal change in vertical distribution of walleye pollock is presumably related to those of T. longipes.
Walleye pollock is selective for T. japonica and T. longipes in April, and for T. japonica not T. longipes in October (Table 4) . Nishiyama 28 ) showed that the caloric value per wet body weight of amphipods is about 25% of that of euphausiids. Percy and Fife 29 ) reported that the caloric value per dry body weight of chaetognaths were greater than hyperiid amphipods. The mean wet body weight per individual of T. longipes and S. elegans were greater than T. japonica (Table 6 ). Therefore, containing energy of T. longipes and S. elegans per individual may be much greater than T. japonica, and feeding success of walleye pollock to T. longipes and S. e/egans may bring about their greater energy gain. On-board observation of live specimens of T. japonica showed that they were highly visible due to many dark pigments on body surface and showed continuous swimming behaviour. T. longipes were relatively difficult to spot except for the eyes and they showed quick swimming behaviour as known for tail swimming. Then walleye pollock may have greater visibility and catchability for T. japonica than T. longipes. S. elegans was very difficult to spot using on-board observation. Fraser 30 ) reported that S. elegans would be lost to view in the grass dish due to their great difficulty to spot and sudden darts. Negative feeding selectivity for S. elegans in spite of high caloric contents per individual may be affected by these characteristics of this species.
In conclusion, seasonal vertical migration of walleye pollock is interpreted as follows: After spawning, walleye pollock begin to feed actively on euphausiids for their recovery. Then, walleye pollock gradually move to deeper layer to feed on euphausiids during spring-summer, because euphausiids is also important food for walleye pollock in summer. But, feeding activity of walleye pollock declines in October, and they depend on amphipods which are easy prey for walleye pollock.
In the Japan Sea, walleye pollock grow more slowly than in the southwestern Okhotsk Sea, the coastal area of the Pacific Ocean, and the Nemuro strait. *1 Cannibalism by walleye pollock occurs near Funka Bay,3l) off the eastern coast of Hokkaido,32) and the eastern Bering Sea. 15 ,22,33) In the southwestern Okhotsk Sea, where walleye pollock have a higher growth rate than in the northern Japan Sea,2) adult pollock feed exclusively on euphausiids, while immature pollock feed mainly on amphipods. 34 ) Walleye pollock feed mainly on zooplankton, and do not consume fishes (including juvenile pollock) in this study area (this study and Kooka et al.6}) . The low growth rate of walleye pollock in the northern Japan Sea might be affected by the vertical distribution pattern and food utilization. Seasonal variation of water temperature and zooplankton prey biomass in the habitat of walleye pollock are necessary for further research in the other waters around Hokkaido.
